The aim of this study was to investigate the association between body mass index (BMI) and brachial-ankle pulse wave velocity (baPWV) in hypertensive males.
Background
BaPWV (brachial-ankle pulse wave velocity), considered as an indicator in assessing the degree of arteriosclerosis, has been proven to be closely related to multiple systematic dysfunctions and has been gradually adopted as an epidemiological investigation method [1, 2] .
Recent studies have shown that many factors contribute to increased baPWV, including age, gender, and blood pressure [3] . Accelerating vascular aging is an inevitable influence with accumulative characteristics [4] .
A study by Ciccone et al. showed that there is a notable different on the markers of arteriosclerosis (AS) between males and females [5] . A positive relationship between systolic blood pressure and baPWV has also been reported [6] . Wang et al. [7] found that the hypertensive patients had a 13.51 times risk on developing AS compared with the non-hypertensive patients (95%CI: 10.87-16.78; P<0.001). Hypertension is often accompanied with overweight or obesity. A 2018 study showed that patients who were overweight or obese represented a large part of their study population that had hypertension [8] . Thus, the impact that moderate body mass index (BMI) and obesity have on hypertensive patients needs further study.
BMI is one of the main measures for general obesity, and is commonly used in clinical assessment and screenings. However, researches on the association between BMI and baPWV among hypertensive patients have not shown consistent results; studies have reported an insignificant relationship [9] , positive relationship [10] , or negative relationship [11, 12] . Possible reasons for these conflicts might be study limitations of small sample size or different origins of the study population. Hence, this paper aimed to investigate the relationship between these factors among a group of male hypertensive patients, drawn from the Kailuan Cohort Study (registration number ChiCTR-TNC-11001489) [13] .
Material and Methods

Study population
The Kailuan study is a study based on a community population in Tangshan, a city in north China. The study's major focus was on the prevalence of cardiovascular events. The study enrolled 10 1510 participants from 11 hospitals in the Kailuan community and continually carried out biennially questionnaire assessments, clinical examinations, and laboratory tests among the participants. A measurement of baPWV for a subgroup of participants was added in 2010 [14] .
Our study enrolled participants from the Kailuan study that had complete the measurement of baPWV from March 1, 2010 to March 31, 2018 (n=43 898) . We excluded 1120 participants with incomplete statistics for baPWV, and excluded 1431 participants without BMI measurements. We excluded female participants. Our final study population included 14 866 male participants that meeting the diagnostic criteria of hypertension [15] .
This study complied with the Declaration of Helsinki and was approved by the Ethics Committee of Kailuan General Hospital (January 5, 2006); consent from each participant was obtained.
Data collection
Data for participants included baPWV values, clinical examinations, laboratory tests, and questionnaire assessments [16] .
For baPWV values we used a BP-203 RPE III networked AS detection device (Omron Health Medical Co., Ltd., China). Participants underwent baPWV measurement after at least 5 minutes of rest in the supine position. Coffee, tea, cigarette use, or alcohol use were not allowed for 30 minutes before the test. Blood pressure cuffs were wrapped on both arms and ankles. The lower edge of the arm cuff was positioned 2-3 cm above the cubital fossa transverse striation, while the lower edge of the ankle cuff was positioned 1-2 cm above the medial malleolus. The heart beat monitor was placed on the left edge of the sternum, and electrocardiogram electrodes value directly. The methodology for baPWV measurement remained the same for all participants.
Clinical measurements followed the standard recommended procedures. Height, weight, and waist circumference (WC) were measured to an accuracy of 0.1 cm. BMI was defined as weight/ height squared, (kg/m 2 ). After a 15-minute rest, participants were asked to sit at the table with their upper arms exposed and placed at the heart level. Cuff was wrapped on the upper arms; the chest piece of the stethoscope was placed on the iliac artery at the elbow. Then inflating the cuff and auscultating the pulsation of brachial artery continuously; stop inflating the cuff when the pulsation disappeared and the column reached 20 to 30 mmHg additionally. Then deflating the cuff slowly and continuously auscultating the pulsation. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) levels were determined by Korotkoff 's first tone and Korotkoff 's fifth tone. The BP was measured twice by standardized mercury sphygmomanometers. If a difference of 5 mmHg or more was showed between SBP or DBP, a third measurement was done. We took the average readings of the measurement for further analysis.
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Laboratory tests were done at the central laboratory of the Kailuan General Hospital. Before the day of the laboratory test, participants were asked to suspend eating after 19: 00 o'clock. Serum blood samples were collected by nurses and put into EDTA tubes. The samples were tested by an autoanalyzer (Hitachi 7600; Tokyo, Japan). The tests included: serum creatinine (SCr), fasting plasma glucose (FBG), and triglyceride (TG). Scr was measured by the Jaffe's assay and FBG was measured by the hexokinase method (BioSino Bio-Technology & Science Inc., China). H12-MA Test Strip (Changchun Dirui Medical Technology Co., Ltd. Changchun, China) was used to evaluate urine protein.
Questionnaires were completed by doctors and included basic information (e.g., name, sex, age), lifestyle habits (e.g., salt consumption, smoking status, physical activity, alcohol consumption), and drug-taking history (e.g., use of anti-hypertensive medications, usage of anti-diabetic medications, use of anti-dyslipidemia medications) were included.
Hypertension definition
The definition of hypertension was based on the 2010 Chinese guidelines for the management of hypertension [15] . Hypertension was defined as elevated BP (SBP ³140 mmHg or DBP ³90 mmHg) or patient underwent antihypertensivemedication therapy.
Arteriosclerosis (AS)
The definition of arteriosclerosis (AS) and different degrees of AS was based on previous reports [17] [18] [19] ; baPWV has been proven to be a good indicator on reflecting the progress of AS. According to the value of baPWV, we stratified 3 degree of AS: mild AS if baPWV ³1400 cm/s; moderate AS if baPWV ³1700 cm/s; and severe AS if baPWV ³2000 cm/s.
BMI
Different BMI groups was based on the Cooperative Metaanalysis Group of China Obesity Task Force report [20] . Then according to BMI, participants were divided into 3 groups: low BMI group if BMI <24 kg/m 
Age-stage
The definition of different age-stages was according to the age when the participant underwent the baPWV measurement. Participants were divided into 6 age groups: 18 to 34 years old, 35 to 44 years old, 45 to 54 years old, 55 to 64 years old, 65 to 74 years old, and 75-years old.
Other study variables
Based on the questionnaire assessments of Kailuan Study, several variables are also defined. Smoking was defined as selfreported history of smoking ³1 year. Salt consumption was self-reported according to salt preferences and was classified by 3 into 3 groups: "low" (<6 g/day), "medium" (6-10 g/day), or "high" (>10 g/day). High degree of salt consumption was included as a variable in this study. In a random sample of 1000 participants, 24-hour natriuresis was measured to determine the correlation with self-reported use of salt. The correlation was high (r=0.78), indicating that self-reported use of salt was associated with actual salt intake in this study [21, 22] .
For educational variable, an educational background was considered as high school or above. For consumption (drinking) of alcohol, self-reported as a current drinking or not was used as the variable. For exercise, self-report of up to 30 minutes of physical activity for more than twice a week was used.
Analysis methods
Data on baseline and comparisons were calculated for the 3 BMI groups. For normal distribution data, continuous variables were presented as mean ± standard deviation and tested by the Student's t-test. For non-normal distribution data, continuous variables were presented as median (quartile) and tested by non-parametric test. Categorical variables were presented as number (percentage) and compared by chi-squared tests.
The multivariate logistic regression model was used to analyze the effect of different BMI groups on different degrees of arteriosclerosis. The low BMI group was set as the reference group. Analysis was done to assess the OR between the moderate BMI group/high BMI group and the reference group. Besides, BMI was set as independent variable and baPWV was set as a dependent variable. Multivariate linear regression model was used to analyze the relationship between BMI and baPWV.
The aforementioned analyses were done for total participants and for different age-stages. For total participants, 2 models were used (model 1 and model 2). In model 1, no variables were adjusted for; in model 2, age, sex, MAP, heart rates, smoking, alcohol consumption, salt intake, exercise, diabetes mellitus, dyslipidemia, antihypertensive medication, anti-diabetic medication and antidyslipidemia medication were adjusted for based on model 1.
For different age-stages, 2 models were used (model 3 and model 4). In model 3, no variables were adjusted for; in model 4, MAP, heart rates, smoking status, alcohol consumption, salt intake, exercise, diabetes mellitus, dyslipidemia, antihypertensive medication, anti-diabetic medication and anti-dyslipidemia medication were adjusted for based on model 3.
The aforementioned analyses were done by a statistical software: SPSS System version 13.0 (SPSS Inc, Chicago, IL, USA)
Results
Baseline characteristics of study population
The detailed approach for participant selection is shown in Figure 1 . Overall 14 866 male participants with hypertension were included. The mean age of the participants was 53.53±11.89 years. Table 1 presented the baseline variables of the total participants. In general, a significant difference was observed between different BMI groups for almost all the characteristics except for total cholesterol (TC) (P=0.040), waisthip ratio (P=0.065), heart rate (P=0.585), alcohol consumption (drinking) (P=0.269), exercise (P=0.219). As for baPWV values, a descending trend was detected among the 3 groups: low BMI, moderate BMI, and high BMI groups (1824±401 cm/s versus 1758±363 cm/s versus 1686±341 cm/s, P<0.001).
Stratification of age: waist and hip circumference, SBP, MAP, and dyslipidemia showed a notable significant difference among the 3 BMI groups (P<0.001). It also showed that the average value of baPWV increased along with aging (Supplementary Table 1 ).
Prevalence of AS
For total participants, the average baPWV value was 1759±372; and 87.2% of the participants were regarded as having mild AS, 48.5% as having moderate AS, and 20.5% as having severe AS. A significant difference was found in the prevalence of AS among the 3 BMI groups (Tables 1, 2 Table 2 ).
BMI groups arteriosclerosis: multiple logistic regression analysis
Logistic regression analysis for total participants showed that compared with the low BMI group, the odds ratio (OR) and 95% confidence interval (95%CI) of moderate BMI group and high BMI group were 0.71 ( Table 3 , model 1). A similar tendency was found when adjusted for age, MAP, heart rates, smoking history, alcohol consumption, exercise, diabetes mellitus, dyslipidemia, antihypertensive medication, anti-diabetic medication and anti-dyslipidemia medication (Table 3 , model 2).
For age-stratification and arteriosclerosis, we found significant differences among all 3 BMI groups during the age groups of 35-44 years and 45-54 years (Supplementary Table 3 , model 4).
BMI and baPWV: Multiple linear regression analysis
For total participants, we found a negative relationship between BMI and baPWV (b=-0.148, P<0.001). After adjusting for multiple variables, the negative relationship still existed (b=-0.117, P<0.001) ( Table 4) .
For age stratification, a negative relationship was detected between BMI and baPWV (Supplementary Table 4) .
Discussion
Based on a cross-section study of 14866 hypertensive participants, this study found that baPWV ³1400 cm/s was universal in hypertensive participants, with a prevalence of 87.2%. It was nearly the same as research by Zhang et al. [23] and Gu et al. [24] , although the studies were based on different size of sample. In addition, almost half of the hypertensive participants in our study were considered in one study to be at risk of moderate arteriosclerosis, which has been considered to be an independent factor in indicating the relapse of cardiovascular diseases (CVD) as well as an irreversible progress of AS [25] . About one fifth of the hypertensive participants were at risk of severe AS and this group of participants needs greater attention. According to the results of our analysis, the average value of baPWV in the high BMI group was 1686±341 cm/s. This finding was almost the same as reported in the Liu et al. study [26] . However, the value of baPWV in the low BMI or the moderate BMI group was notable higher than that reported in the Liu et al. study. One factor that might contribute to the study differences is the origin of study participants. The Liu et al. study was based on 699 male hypertensive patients who were hospitalization or had other complications. The Shen et al. study [27] showed that cfPWV of BMI ³24 kg/m 2 was significantly lower than BMI <24 kg/m 2 based on 672 hypertensive patients. A similar tendency of prevalence of AS was also found : high BMI -BMI ³28 kg/m 2 ; baPWV -branchial-ankle pulse wave velocity; WHR -waist-hip ratio; SBP -systolic blood pressure; DBP -diastolic blood pressure; MAP -mean artery pressure; bpm: beats per minute; TG -triglyceride; FBG -fasting blood-glucose; HDL-C -high density lipid-cholesterol; LDL-C -low density lipid-cholesterol; SUA -serum uric acid; TC -total cholesterol. among our 3 groups. The Liu et al. study also showed a similar outcome among a group of participants with type 2 diabetes mellitus [28] . While this has not been found in studies among the participants with hyperlipidemia, hyperuricemia, or in the total study populations [29] [30] [31] [32] . We consider it a typical characteristic in the hypertensive group in our study. However, this needs further, multi-regional and larger sample studies to validate these findings. ; High BMI -BMI ³28 kg/m 2 ; baPWV -brachial-ankle pulse wave velocity; AS -arteriosclerosis; different levels of AS: Mild AS (baPWV ³1400 cm/s); Moderate AS (baPWV ³1700 cm/s); Severe AS (baPWV ³2000 cm/s); different levels of AS were set as dependent variable, (Mild AS was set as 1 and non-mild AS was set as 0; Moderate AS was set as 1 and non-moderate AS was set as 0; Severe AS was set as 1 and non-severe AS was set as 0; different BMI groups were set as independent variable; Model 1 -no founding factors were adjusted for; Model 2 -adjusting for age, MAP -heart rates, smoke, drink, exercise, diabetes mellitus, dyslipidimia, antihypertensive medication, anti-diabetic medication, anti-dyslipidemia medication based on model 1. According to our multivariate logistic regression analysis, we found that the moderate BMI group and the high BMI group showed lower risk of AS even when adjusted for age, sex, and other confounding factors. Compared with the low BMI group, the moderate BMI group and the high BMI group had 34% and 56% reduction of risk for mild AS, respectively. Similar trends were found among other degrees of AS. According to the multivariate linear regression analysis of the total participants, a negative relationship was found between BMI and baPWV.
Variables
Result of age-stratification showed no different on prevalence of mild AS among the 3 BMI groups after the age of 55 years old. Also, the protective effect of higher BMI existed until 65 years of age (the moderate BMI group for moderate AS) and 75 years of age (the high BMI group for severe AS). We considered higher BMI as a protective factor at early stages of life among male hypertensive population. And its protective function might delay the progression to severe AS. The protective function might last for several years. However, low BMI was shown to be a protective factor in high baPWV among a health population in previous studies as discussed. There are several reasons that might account for these different study results.
1) For high BMI, as a major manifestations of obesity, hyperemia and the widening diameter of renal arteries can maintain the high perfusion of the kidney. It can relieve the excessive activation of renin-angiotensin-aldosterone system (RAAS) partly, which has been proven to be the most important mechanisms leading to hypertension. And it compensates the stiffness that hypertension causes [33, 34] . 2) High BMI populations have an increase in lipocytes and mast cells, originating from excessive adipose tissue. Lipocytes secret enough leptin to antagonize the arterial lesion by reactive-oxygen-species (ROS) and other harmful cytokines. While increasing secretion of cyclo-oxygen-ase (COX) and endothelin by mast cell damages endothelium continuously. And these factors regulate the function of the vessels at an early stage. However, secretion of leptin has been found as a downward trend over time and harmful cytokines an upward trend as its accumulative effect in the human body. When aging or under attack by diseases, the balance is destroyed and accelerates the progression of AS [35, 36] . This is an irreversible progression toward AS. Actually, further studies are needed to explore the phenomena. 3) According to the study of Wang et al. [8] , there is a rising prevalence of hypertension among the young as well as a rise in the accompanied incidence of obesity and metabolic syndrome. In our study, the ages of the moderate BMI group and high BMI group were lower the ages of the low BMI group, while the BMI value was conversed. This indicated to us that hypertension and AS might be the embodiment of the development process. The Corden et al. study showed that a continuously high state of high BMI, but not shortterm high BMI was a risk factor for AS, and also reflected an increase of baPWV [37] . In our study, it was our opinion that BMI showed a negative relation to baPWV. Its protective effect on AS existed only in the early stage of hypertension based on this cross-sectional study. However, prospective cohort studies are needed to explore this further.
BaPWV has been widely recognized as a reliable indicator for evaluating arterial stiffness in latest research. High baPWV has been associated to some deadly diseases such as acute myocardial infarction, hemorrhage, and cerebral ischemic stroke [38] . Boutouyrie [1] . In this research, we found that BMI was negative to baPWV. We did not focus only on the value of baPWV, but need to pay more attention to BMI and those with hypertension. Also, healthy habits, such as quitting smoking, continuously treating of hypertension, or monitoring of fasting blood glucose (FBG), needed to be further study.
There were several strengths to this study. It was based on a population of male hypertensive patients in a community, which made our study more universal and typical. Also, relatively complete characteristics included such as history of chronic diseases and medication, life habits, and laboratory data, etc. supported this study a lot and showed us a more convincing result.
There were limitations to our study. In this study, we could not find causation between BMI and baPWV, likely because of the limitations of the study cross-section design. Also, the participants were from northern China; different areas may have different effects on the result, so we hoped that further research will address this issue.
Conclusions
Among the male hypertension population, there was a negative relationship between BMI and baPWV. High BMI was a protective factor for AS especially at the age group of 35-55 years old.
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Variables
Entered Age-stages -study subjects were divided into 6 stages according to age: 18-34, 35-44, 45-54, 55-64, 65-74, >75. BMI -body mass index; baPWV -brachial-ankle pulse wave velocity; baPWV was set as dependent variable, BMI was set as independent variable; Model 3: no founding factors were adjusted for; Model 4: adjusting for age, sex, MAP, heart rates, smoke, drink, exercise, diabetes mellitus, dyslipidimia, antihypertensive medication, anti-diabetic medication, anti-dyslipidemia medication based on model 3.
